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 The purpose of this follow-up study was to determine if children who had participated in 
an occupational therapy based handwriting readiness program would show greater improvements 
in handwriting-related skills a year following intervention when compared to a control group and 
an alternate experimental group.  The entire study (initial study and follow-up study) was a time 
series longitudinal design with 4 data collection points.  Sixteen children (4 from the control 
group, 6 from the experimental group, and 6 from the alternate experimental group) were tested 
in September 2010, received intervention, and were again tested in March 2011 during the initial 
study.  This follow-up study then included 2 more post-testing sessions in September 2011 and in 
March 2012.  Testing sessions included the Beery-Buktenica Developmental Test of Visual-
Motor Integration – Sixth Edition (VMI) and four of the eight subtests from the Bruininks–
Oseretsky Test of Motor Proficiency – Second Edition (BOT-2).  All children completed all 
 testing at the first session of the initial study in September 2010, participated in the intervention 
during the initial study, and completed all tests at both testing sessions for this follow-up study in 
September 2011 and in March 2012.  (At the second testing session in March 2011, 2 children 
did not complete the Upper-Limb Coordination Subtest of the BOT-2 and 1 child did not 
complete the Fine Motor Integration Subtest or the Fine Motor Precision Subtest of the BOT-2).  
The dependent variables were the scores received on the VMI and the Fine Motor Precision 
Subtest, Fine Motor Integration Subtest, Manual Dexterity Subtest, and Upper-Limb 
Coordination Subtest of the BOT-2.  The independent variable was the handwriting instruction 
program in which the child participated during the initial study.  
 Data analysis indicated that children who participated in the Fine Motor and Early 
Writing (FMEW) Pre-K curriculum (experimental group) showed greater improvements in 
median scores on the BOT-2 Fine Motor Precision and Manual Dexterity subtests from the end 
of the intervention year to one year following intervention when compared to the control group 
and the alternate experimental group.  Both the VMI and the Fine Motor Integration and Upper-
Limb Coordination subtests of the BOT-2 showed the control group with the greatest median 
change in scores.   
It is difficult to draw conclusions from the results of this study, as limitations including a 
lack of randomization between the three groups leading to considerable differences in age and 
gender strongly affected results, leading to inconclusive data about the effects of the FMEW 
curriculum on handwriting-related skills of children one year following intervention.  
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 CHAPTER 1: INTRODUCTION 
Children with handwriting difficulties are hindered in performing many school-related 
activities (Zwicker & Hadwin, 2009).  In typically developing children, difficulty with 
handwriting is often seen as a lack of effort on the child’s part (Zwicker & Hadwin, 2009).  
Judkins, Dague, and Cope (2009) found that 25% of typically developing children scored at least 
1.5 standard deviations below the norm for their age group in handwriting skills, indicating that 
even typically developing children struggle with these skills.   When children demonstrate poor 
handwriting legibility and classroom efforts to improve legibility do not result in substantial 
improvement, these children are typically referred to occupational therapy (Hammerschmidt & 
Sudsawad, 2004).   In fact, difficulties with handwriting are cited as one of the most frequently 
mentioned reasons for the referral of school-aged children to school-based occupational therapy 
services (Feder, Majnemer, & Synnes, 2000; Missiuna, Pollack, Egan, DeLaat, Gaines, & 
Soucie, 2008; Schneck & Amundson, 2010).  Holtzinger and Hight (2005) conducted a survey of 
five hundred school-based occupational therapists and found that excessively high caseloads 
affected one in three therapists.  Many occupational therapists in schools are overwhelmed with 
large numbers of referrals for handwriting, which may impair the therapist’s ability to work 
effectively (Asher, 2006).  Traditionally, individualized handwriting instruction has been 
provided by occupational therapists after handwriting skill deficits resulted in a referral to 
occupational therapy services.  However, if teachers provide more individualized handwriting 
instruction to meet the needs of children, handwriting abilities may improve without 
occupational therapy referrals, thereby alleviating referrals due to limited handwriting instruction 
that could be addressed in the classroom.  This alleviation of unnecessary referrals may allow 
school-based occupational therapists to focus efforts on those children that most need their 
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services, with therapeutic handwriting intervention offered only for those who have difficulty 
with handwriting even after intensive practice in the classroom (Feder & Majnemer, 2007).    
Research conducted by Case-Smith (2002) demonstrated the improvement of legibility of 
a child’s handwriting through an eclectic occupational therapy intervention.  However, this study 
and others similar have not addressed what type of intervention is most effective for producing 
the most successful outcomes for handwriting abilities, indicating the necessity for additional 
research on specific interventions used to improve handwriting intervention.  Multisensory 
programs are often used in school-based occupational therapy programs, but there is a lack of 
research on these programs as well, further indicating the need to research the effects of this type 
of intervention (Zwicker & Hadwin, 2009).  Furthermore, while there is research illustrating the 
importance of improving handwriting skills through specific handwriting interventions, little 
research has been done on the effects of structured handwriting programs using fine motor skill 
intervention.   Research conducted by Winslow (2011) demonstrated a greater increase in mean 
total point scores received on the Fine Motor Integration Subtest and Manual Dexterity Subtest 
of the Bruininks–Oseretsky Test of Motor Proficiency-second edition (BOT-2) in children in 
Head Start who participated in a structured handwriting readiness program when compared to 
children who received typical Head Start handwriting instruction.  Donica, Goins, and Wagner 
(2012) found that children who participated in either of two different structured handwriting 
readiness programs showed greater improvements in postural control, hand control, and letter 
and number formation than children who had received typical Head Start handwriting 
instruction.  Understanding the long-term effects of these curriculums, and other handwriting 
instruction programs, is important in knowing whether or not these effects will last into 
kindergarten and subsequent years, helping to ensure that children continually maintain good 
 3
handwriting skills throughout the school years.  In addition, other studies have addressed the 
need for research examining the long-term effects of and approaches to handwriting 
interventions to determine which intervention would be the most successful in teacher-guided 
classroom instruction (Judkins et al., 2009).   
Therefore, the purpose of this follow-up study was to determine if children who had 
participated in an occupational therapy based handwriting readiness program during Head Start 
would display greater improvements in handwriting-related skills as evidenced by changes in 
scores on the VMI (Beery & Beery, 2010) and four subtests of the BOT-2 (Bruininks & 
Bruininks, 2005) from the end of the intervention year to one year following intervention when 
compared to a control group and an alternate experimental group.  More specifically, the 
researcher wanted to determine if children who had participated in the Fine Motor and Early 
Writing Pre-K Curriculum (FMEW) would show greater improvements in scores from the end of 
the intervention year to one year following intervention when compared to the control group who 
had received typical Head Start instruction in handwriting and the alternate experimental group 
who had participated in the Handwriting Without Tears – Get Set For School Curriculum® 
(HWT), on the Fine Motor Integration Subtest and the Manual Dexterity Subtest of the BOT-2 
(Bruininks & Bruininks, 2005), as these two subtests showed positive results in the initial year of 
the study.  Additionally, the researcher used the Upper-Limb Coordination Subtest and the Fine 
Motor Precision Subtest of the BOT-2 (Bruininks & Bruininks, 2005) to compare children who 
had participated in the FMEW experimental group with children who had participated in the 
HWT alternate experimental group and children in the control group who had received typical 
Head Start handwriting instruction to determine if these groups would show a difference in 
change in scores from the end of the intervention year to one year following intervention.  Lastly, 
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the researcher used the Beery-Buktenica Developmental Test of Visual-Motor Integration – 
Sixth Edition (VMI; Beery & Beery, 2010) to compare children from the experimental group 
who participated in the FMEW program with children from the alternative experimental group 
that participated in the HWT curriculum and the control group who had participated in typical 
Head Start handwriting instruction to determine if children would demonstrate improved visual-
motor skills, related to handwriting success, from the end of the intervention year to one year 
following intervention between the three groups
 CHAPTER 2:  LITERATURE REVIEW 
The Importance of Good Handwriting Skills 
Handwriting is an important functional skill that young children must acquire, since it is 
used frequently in preschool through elementary grades (Lust & Donica, 2011; Marr, Windsor, 
& Cermak, 2001).  Good handwriting skills are usually defined in terms of legibility and speed 
(See Appendix A), given that these two factors have been described as the two most important 
elements in handwriting performance (Feder & Majnemer, 2007).  Typically, once handwriting 
is learned, the skill becomes rapid, accurate, and mechanical, with little need for active conscious 
control (Longstaff & Heath, 1999).  This allows the handwriting process to become almost 
automatic, keeping the generation of text from interfering with the creative thinking process 
(Scardamailia, Bereiter, & Goleman, 1982) and serving to increase efficiency and reduce 
redundancy (Latash, 1998). 
Good handwriting skills are important for elementary school-aged children to develop in 
order to meet the demands of a typical school day (Weintraub & Graham, 1998).  The use of 
paper and a writing utensil has been found to make up over 3 percent of the school day in pre-
kindergarten settings, almost 20 percent in kindergarten, and anywhere between 26 and 51 
percent of the school day for second through sixth grade (Marr, Cermak, Cohn, & Henderson, 
2003; McHale & Cermak, 1992).  Therefore, while children in pre-kindergarten settings such as 
Head Start may not spend a large amount of time on handwriting activities, they need to be 
prepared to spend significantly more time on these skills during their kindergarten year and 
subsequent elementary school years.   
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Handwriting is not simply for completing assignments, but is also a way for children to 
gather, remember, and share information and to explore, organize, and refine different concepts 
in many subjects (Judkins, et al., 2009).  Handwriting is the primary way for elementary school-
aged children to demonstrate their knowledge of learned concepts and to express themselves in 
written form (Case-Smith, 2002).  Handwriting is also strongly connected to academic success, 
as good handwriting skills have been seen as a prerequisite for academic achievement in later 
school years (Erhardt & Meade, 2005; Feder & Majnemer, 2007; Graham, Berninger, Abott, 
Abott, & Whitaker, 1997; Graham & Harris, 2000; Jackman & Stagnitti, 2007), and handwriting 
difficulties have been shown to cause difficulty with completion of assignments, thereby 
affecting academic achievement (Berninger, Rutberg, Abbott, Garcia, Anderson-Youngstrum, 
Brooks, et al., 2006; Christensen, 2005; Feder & Majnemer, 2007; Gregg & Mather, 2002; 
Medwell & Wray, 2007; Swedler-Brown, 1992 ).  In fact, the World Health Organization (2002) 
recently included handwriting difficulties as one of the problems thought to cause a barrier to 
school participation, a significant element in the normal developmental process of the child.  
Graham (1999) established that children who struggle with handwriting might have increasing 
difficulties as they progress in school, and those who continually struggle beyond first grade may 
never fully develop as writers.  This fact underlines the importance of ensuring that children 
develop good handwriting skills before finishing first grade.   
In the past, emphasis on writing has been more focused on composition than handwriting 
legibility and proper production of letters (Medwell & Wray, 2007).  Typically, teachers have 
indicated that if they were able to read the student’s writing, it was sufficient.  However, research 
is now suggesting that handwriting skills and handwriting difficulties are a predictor of 
composition quality and literacy skills (Graham et al, 1997; Medwell & Wray, 2007) and that 
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handwriting legibility may have an effect on grades received.  For example, studies have shown 
that handwritten school assignments with limited legibility (e.g., spelling tests or creative writing 
assignments) have been given a lower score than what would have been earned with greater 
legibility (Briggs, 1980; Chase, 1986; Sweedler-Brown, 1992).  Handwriting difficulties may 
affect academic achievement for many different reasons.  First of all, children without 
handwriting automaticity have been found to spend as much time thinking about handwriting and 
the actual neatness of their papers as they do on the content of their papers (Graham, Schwartz, 
& MacArthur, 1993; McCutchen, 1996), leading to shorter and lower quality compositions 
(Graham et al., 1997; Medwell & Wray, 2007).  Studies have shown that when children were 
able to dictate their texts rather than writing them, the quality of their composition improved 
significantly (De La Paz & Graham, 1995; McCutchen, 1988, 1996), suggesting that it was the 
task of handwriting itself that lowered the composition quality.   
A lack of handwriting automaticity may also affect composition quality because children 
who have difficulty with handwriting usually have trouble shifting their attention between the 
motor process of handwriting and the cognitive process of generating thoughts and ideas 
(Graham & Weintraub, 1996).  These children that lack the necessary automaticity of letter 
formation tend to forget what they are trying to write, since their attention is consumed by the 
working memory required to write and produce the letters (Graham, Harris, & Fink, 2000).  
During the writing process, considerable attention is focused on the mechanics of writing (e.g., 
letter formation and spatial organization), which may hinder the child’s ability to develop ideas 
and plans (Edwards, 2003; Graham et al., 1997).  Children with handwriting difficulties may also 
be consumed with time spent attempting to spell words or with the process of writing words and 
punctuating sentences, rather than the composition itself (McCutchen, 1988).  Therefore, these 
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children are unable to use their full cognitive resources to produce more complex compositions, 
resulting in a decreased ability to express their thoughts and ideas.  This may lead to a slower 
composition rate and shorter written products that are of poorer quality (Graham et al., 1997).  In 
general, the less the transcription process is automatized the harder it is for the writer to 
concentrate on the text composition processes (Graham et al., 2000; Olive & Kellogg, 2002).   
Due to the importance of handwriting as a daily task for children of all ages, the 
consequences of handwriting difficulties are extensive and can be detrimental not only to 
academic performance, but also to a child’s self-esteem, self-image, attitude, and behavior 
(Erhardt & Meade, 2005; Feder & Majnemer, 2007; Gregg & Mather, 2002; Jackman & 
Stagnitti, 2007).  The negative effects of handwriting difficulties on a child’s academic 
performance makes these children more likely to avoid writing and give up on written 
assignments (Berninger, Vaughan, Abbot, Abbot, Rogan, Brooks, et al., 1997), which impedes 
their ability to express what they know (Medwell & Wray, 2008).  This may lead children to feel 
frustrated, further causing decreased self-efficacy and motivation (Margalit, 1998; Pavri & 
Monda-Amaya, 2000; Piek, Baynam, & Barrett, 2006).  These lowered feelings of confidence 
may cause arrested writing development (Berninger, Mizokawa, & Bragg, 1991), further 
affecting academic performance.   
In many circumstances, children who have not sufficiently mastered basic writing tasks 
are forced to move on too quickly to more advanced written assignments, which is likely the 
cause of many handwriting problems in school-aged children (Asher, 2006; Donica, 2010; 
Karlsdottir & Stefansson, 2002).  Other research suggests that children’s early development of 
fluent handwriting skills may prevent difficulties with writing performance in later grades 
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(Edwards, 2003).  Marr and Cermak (2003) found that 60% of the 93 children studied were 
consistent (as defined by retaining the same qualitative performance and relative ranking over 
time) in their handwriting performance from kindergarten to halfway through first grade.  This 
suggests that it is important to have a solid foundation in handwriting skills by kindergarten, 
since these skills seem to be established by this age.  Furthermore, this correlation between 
scores in kindergarten and first grade presents initial evidence that handwriting performance 
exists in a moderately consistent pattern (Marr & Cermak, 2003).  Therefore, handwriting 
instruction including pre-writing skills and fine motor development activities may be deemed 
even more necessary in the pre-kindergarten and kindergarten years to develop a solid 
foundation of handwriting skills and prevent handwriting difficulties from occurring in the 
future.   
Language arts skills may also be affected by handwriting performance.  For example, 
research has suggested that children may become more accurate spellers through the process of 
handwriting (Cunningham & Stanovich, 1990).  In addition, handwriting difficulties may help 
predict reading challenges, as success in name writing may predict future success in reading 
achievement (Berninger et al., 2006; Haney, 2002).  Some may believe with the increased 
availability and use of computers and other technological advances that handwriting is no longer 
necessary or important.  However, handwriting is still the most immediate form of 
communication, and is necessary for children to be able to complete assignments, take notes 
during class, and demonstrate their knowledge on tests beginning in elementary school and 
continuing throughout the school years (Connelly, Gee, & Walsh, 2007).  In addition, research 
suggests that many children who have difficulties with handwriting may also struggle with 
automatic keyboarding, as difficulty with early automatic handwriting mechanics and speed 
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correlates with difficulties in subsequent keyboarding skills (Connelly et al., 2007).  Therefore, 
handwriting is still an important aspect in a child’s school day as handwriting success correlates 
with many other school-related tasks.   
Good handwriting skills are extremely important, but unfortunately these skills are 
difficult for children to accomplish (Smits-Engelsman, Niemeijer, & van Galen, 2001; Volman, 
Schendel, & Jongmans, 2006), and research suggests that handwriting difficulties are common in 
children at the elementary school level (Medwell & Wray, 2007).  It is difficult to estimate just 
how many children experience handwriting difficulties, as not all children may be recommended 
to occupational therapy or other services for their handwriting problems.  Also, the percentage of 
children with handwriting difficulties reported depends upon factors such as the extent of teacher 
awareness, the child’s grade, and the selection criteria, type, and availability of evaluation tools 
and instruments used in research (Hammerscmidt & Sudsawad, 2004; Sudsawad, Trombly, 
Henderson, & Tickle-Dengen, 2001).  However, it is estimated that anywhere between 12 and 27 
percent of school-aged children (elementary through high school) in the United States experience 
handwriting problems (Karlsdottir & Stefansson, 2002) while some estimates have been as high 
as 44 percent (Alston, 1985; Rubin & Henderson, 1982).  Either way, these estimates suggest 
that the lack of handwriting automaticity is affecting a significant amount of children.    
Researchers have also noticed a strong gender effect, in that boys are more likely to have 
handwriting problems than girls (Berninger et al., 1997; Graham et al., 2000; Hamstra-Bletz & 
Blote, 1993; Rubin & Henderson, 1982) and girls have better handwriting in overall quality and 
letter formation and demonstrate greater speed than boys (Berninger & Fuller, 1992; Berninger et 
al., 1997; Biemiller, Regan, & Gang, 1993; Graham et al., 2000; Hamstra-Bletz & Blote, 1993; 
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Ziviani, 1984; Ziviani & Elkins, 1984).  Therefore, boys may require even more handwriting 
instruction than girls to meet the demands of a typical school day. 
The Importance of Formal Handwriting Instruction 
Formal handwriting instruction is very important to a child’s educational success, and is 
considered essential to children who do not write instinctively or have underdeveloped 
foundational skills and produce their letters illegibly (Berninger & Fuller, 1992).  Handwriting 
instruction is believed to be an important aspect in preventing writing difficulties in the 
elementary grades (Graham et al., 2000).  A study done by Judkins, Dague, and Cope (2009) 
suggested that lower than average handwriting skills, even in typically developing children, 
could be due to the lack of individualized instruction in the curriculum.  Additionally, length and 
quality of written compositions, affected by the inability to write automatically, can be enhanced 
through formal handwriting instruction that teaches correct letter formation and legibility 
(Medwell & Wray, 2007).   Other studies suggest that formal handwriting instruction is 
positively correlated with good reading skills.  For example, Berninger et al. (2006) suggested a 
relationship between direct handwriting instruction and improved reading at the word level for 
first grade children that had previously been acknowledged as having difficulties with 
handwriting.  Therefore, formal handwriting instruction may not only benefit children in 
handwriting skills, but in other language arts skills as well.   
A child with poor handwriting skills in pre-kindergarten is likely to be behind peers when 
entering kindergarten.  In fact, handwriting skills in preschool have become a predictor of 
kindergarten handwriting performance, and handwriting demands in kindergarten have increased 
in the last few years (Fogo, 2008).  Other studies have shown a decrease in the handwriting skill 
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level in children entering kindergarten over the years (Berninger et al., 1997; Pape & Ryba, 
2004).  Conversations with participating teachers of one such study revealed that this decline 
might be due to a decrease in sufficient and appropriate classroom instruction and hands-on 
practice in handwriting (Berninger et al., 1997).  Research has also shown that healthy 
adjustment during the first years of school is a precursor to later success and that individual 
differences in children’s school results remain relatively stable after the first few years in school 
(Alexandar, Entwisle, & Olson, 2001).  Therefore, the importance of developing handwriting 
skills early on is even more important, which may be achieved through formal handwriting 
instruction that should begin at the pre-kindergarten level.   
Interestingly, despite the evidence that handwriting instruction is so important to a child’s 
academic success, curriculum changes have dramatically decreased the amount of handwriting 
instruction, teacher training, and practice given during the school day (Hoy, Egan, & Feder, 
2011; Pape & Ryba, 2004).  This may be what leads many children to develop handwriting 
problems, thus requiring referral to occupational therapy programs and other services for 
remediation.  With an increasing number of children having handwriting difficulties, it is 
apparent that handwriting instruction and hands-on handwriting practice need to be reintegrated 
into the pre-kindergarten and kindergarten curriculums to enhance academic success of children.   
Children are expected to gradually improve their handwriting legibility as formal 
instruction is introduced in the kindergarten and first grade curriculum (Vreeland, 1999).  
However, while some children are able to write well without having proper handwriting 
instruction, and others are unable to learn the skill regardless of the interventions used, most fall 
somewhere in between these two categories and benefit from good teaching strategies for 
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handwriting instruction (Benbow, 1995).  Some educators have suggested that handwriting skill 
deficits exist because insufficient attention is given to handwriting skill development during 
school, and not due to specific client factors limiting children’s abilities (Asher, 2006).  Research 
that has shown the negative effects of handwriting difficulties on academic achievement has 
moved attention away from teaching writing through copying and towards emphasizing correct 
letter formation and legibility (Medwell & Wray, 2007), which may be achieved through formal 
handwriting instruction including demonstration. 
Unfortunately, teachers often vary in their opinion on what age handwriting instruction 
should be introduced.  Asher (2006) found that of thirteen teachers (kindergarten through second 
grade), seven taught or expected manuscript handwriting to be taught during kindergarten and six 
expected it to be taught in first grade.  Clearly there is inconsistency between teachers about 
which grade children should begin learning handwriting, which means that some children may 
miss handwriting instruction altogether.  For instance, if a child’s kindergarten teacher does not 
teach handwriting formally because of expecting the first grade teacher to do so, the next year 
that same child may have a first grade teacher who expected that the kindergarten teacher had 
taught handwriting.  In this case, the child missed a very important part of education and may 
suffer from this lack of instruction throughout school.   
State and National Standards for Handwriting 
The North Carolina Department of Public Instruction (2004a) has set standards for 
preschoolers in North Carolina that include foundations for handwriting.  In order to meet these 
standards, a preschooler must begin to use a variety of different writing tools and materials (such 
as pencils, chalk, markers, crayons, finger paint, clay, and computers), and use a variety of 
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writing in their play for different purposes (such as lists, messages, stories, etc.).  Preschoolers in 
North Carolina should also begin making marks, scribbles, and letter-like forms, and are 
expected to practice writing letters and master conventional letter forms, starting with the first 
letter of their own name and eventually being able to write their full name using letter 
approximations (North Carolina Department of Public Instruction, 2004a).  Therefore, it is 
important that preschool-aged children in North Carolina have foundations for handwriting, have 
developed handwriting-related skills, and begin to use those skills to practice writing letters.  A 
curriculum that involves using different writing tools and materials, encourages preschool-aged 
children to begin writing, and helps them begin to understand the concepts of letter formations 
and handwriting would be very beneficial for learning the necessary skills that children are 
expected to achieve throughout the preschool years.   
Children moving into kindergarten are expected to continually develop their handwriting-
related skills.  At the kindergarten level, the North Carolina Department of Public Instruction 
(2004b) expects children to make connections through the use of written language by applying 
the strategies and skills they have learned to create written texts.  In order to complete this goal, 
kindergarteners should be able to use new vocabulary in their writing, such as words that name 
objects, words that tell action, and words that describe color, size, and location, in a variety of 
simple texts (e.g., written stories, lists, and journal entries of personal experiences).  The 
kindergarten child is also expected to write from left to right and from top to bottom and to write 
most letters and some words when dictated.  Lastly, the curriculum includes being able to write 
most letters of the alphabet independently, use capital letters to write the word “I” and the first 
letter in their own name, and use legible manuscript handwriting (North Carolina Department of 
Public Instruction, 2004b).   Therefore, kindergarteners in North Carolina must not only receive 
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proper instruction in handwriting-related skills before entering their kindergarten year, but these 
skills must carry-over into and throughout the kindergarten year to provide a foundation for 
handwriting skills to grow on.   
The National Research Council has also issued standards for writing accomplishments 
that children are expected to meet by the end of kindergarten.  These standards are similar to 
those issued by the North Carolina Department of Public Instruction, in that children are 
expected to write most letters and some words when dictated, independently write many 
uppercase and lowercase letters, and write to express meaning (Snow, Burns, & Griffin, 1998).  
The National Research Council also expects kindergarteners to write their own first and last 
name and the first names of some of their friends, which is more stringent than that of the North 
Carolina Department of Instruction, which expects only the first letter of the first name to be 
written independently (Snow et al., 1998).  Thus, at a national level, handwriting-related skills 
are considered even more important for children to develop before and throughout their 
kindergarten year.   
Handwriting Instruction Programs and Curriculums 
Many programs and curriculums have been developed to address handwriting problems, 
each using a unique method to teach the underlying component skills of handwriting.  Lust and 
Donica (2011) implemented a structured handwriting readiness program in a Head Start 
classroom aiming to increase handwriting readiness skills for these children.  Children who 
participated in the Handwriting Without Tears® – Get Set for School multisensory program 
demonstrated significant improvements in handwriting readiness skills (Lust & Donica, 2011).  
Other multisensory handwriting interventions have been effective in improving handwriting 
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skills as well (Peterson & Nelson, 2003; Zwicker & Hadwin, 2009).  Winslow (2011) conducted 
a pilot study implementing the Fine Motor and Early Writing Pre-K Curriculum (FMEW) in a 
rural Head Start classroom.  This program is a structured multisensory handwriting readiness 
program that aims to improve fine motor skills in pre-school aged children in hopes to help 
prepare the children for the handwriting demands of kindergarten and to develop necessary 
handwriting-related skills to prevent handwriting problems in the future.  The study investigated 
the program’s effectiveness on developing those handwriting skills necessary in order to make 
the transition into kindergarten easier, and results showed that the curriculum had a positive 
effect on fine motor skills of the children at Head Start.  More specifically, the experimental 
group demonstrated a greater increase in mean total point scores between pre-test and post-test 
on the Fine Motor Integration Subtest and the Manual Dexterity Subtest of the BOT-2 (Bruininks 
& Bruininks, 2005; Winslow, 2011).  Donica, Goins, and Wagner (2012) conducted a study 
implementing the Handwriting Without Tears – Get Set For School Curriculum® and the Fine 
Motor and Early Writing Pre-K Curriculum in two different Head Start classrooms in order to 
investigate the effects of handwriting readiness programs on handwriting-related skills.  While 
both experimental classrooms and the control classroom that had received typical Head Start 
handwriting instruction all showed an increase in the mean changes in scores, both the 
experimental classrooms displayed greater improvements than those of the control classroom 
(Donica, Goins, & Wagner, 2012).  The importance of these programs, as well as their carry-over 
effect throughout subsequent school years, is demonstrated through studies in which the effects 
of the programs are analyzed in order to provide evidence for the efficacy of direct handwriting 
intervention.  
The Relationship between Fine Motor Skills and Handwriting Difficulties 
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The mechanisms behind handwriting difficulties are not yet understood, and little is 
known about why some children have handwriting difficulties while others do not.  However, in 
recent years a great deal of progress has been made in understanding the process of handwriting 
itself (Graham & Weintraub, 1996).  Handwriting is a complex activity that requires the 
interaction between both motor and cognitive processes (Berninger & Swanson, 1994; Graham 
& Weintraub; 1996; Van Galen, 1991), and requires performance in perceptual-motor skills, 
motor planning, eye-hand coordination, visual perception, visual-motor integration, bilateral 
hand skills, in-hand manipulation, kinesthesia, and the presence of proper biomechanical 
components for posture and hand grip (Asher, 2006; Cornhill & Case-Smith, 1996; Denton, 
Cope, & Moser, 2006; Erhardt & Meade, 2005; Feder & Majnemer, 2007; Woodward & Swinth, 
2002).  Other factors that may come into consideration when evaluating handwriting 
performance include legibility, speed, tool use, sensory processing, posture, and sustained 
attention (Roston, 2010).  While all of these aspects of handwriting are important, two key 
aspects of handwriting difficulties identified in research are deficits in fine motor coordination 
(Smits-Engelsman et al., 2001; Smits-Engelsman & Van Galen, 1997) and deficits in visual-
motor integration (Maeland, 1992; Tseng & Murray, 1994; Weintraub & Graham, 2000).   
Deficits in visual-motor integration and fine motor control have both been linked with 
handwriting difficulties, which is why many researchers have suggested that these two skills are 
strong indicators of handwriting performance (Daly, Kelley, & Krauss, 2003; Ratzon, Efraim, & 
Bart, 2007; Volman et al., 2006; Weintraub & Graham, 2000).  Studies have indicated that, of all 
perceptual-motor skills, visual-motor integration correlates most with handwriting performance 
(Daly et al., 2003; Tseng & Chow, 2000).  Daly, Kelley, and Krauss, (2003) found strong 
positive relationships between scores received on the Developmental Test of Visual-Motor 
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Integration (VMI; Beery, 1997) and children’s abilities to legibly copy letterforms, 
demonstrating that visual-motor integration skills were related to the ability of kindergarten 
children to copy letters legibly.  These results support the conclusion that visual-motor 
integration is a requisite skill for handwriting legibility (Daly et al., 2003).   
Fine motor skills are also an important aspect in handwriting performance.  Children of 
all backgrounds and developmental levels, from typically developing to developmentally 
delayed, may have trouble with fine motor skills and therefore, handwriting (Dunn, Campbell, 
Oetter, Hall, & Berger, 1988).  When a child’s handwriting skills do not improve, or their 
progress is behind their peers, these children are often referred to occupational therapy for poor 
fine motor performance, including poor letter formation (Marr & Cermak, 2003).  Volman, 
Schendel, and Jongmans (2006) found that children with handwriting problems scored 
significantly lower on the Unimanual Dexterity subtest of the Movement ABC test (used to 
measure fine motor coordination) than children without handwriting problems.  This subtest was 
also significantly correlated with the handwriting quality in children with and without 
handwriting difficulties.  In addition, a study done by Smits-Engelsman, Niemeijer, and van 
Galen (2001) found that more than half of the children (7 out of 12) with poor handwriting also 
had problems with fine motor skills.  Observation of daily activities in regular elementary school 
classrooms has revealed that between 30% and 60% of the school day consists of fine motor 
tasks, such as coloring and cutting, and mainly handwriting activities (Linder, 1986; McHale & 
Cermak, 1992).  More specifically, kindergarteners spend up to 46% of their day completing fine 
motor activities, of which 42% are paper-and-pencil tasks, and preschoolers spend an average of 
37% of their school day engaged in fine motor activities, of which 10% are paper-and-pencil 
tasks (Marr et al., 2003).  Fine motor skill deficits may result in incorrect size and placement of 
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letters (Feder & Majnemer, 2007) and an inadequate pencil grasp in children who have 
difficulties with in-hand manipulation skills, which is necessary for the precise and controlled 
movements used in handwriting (Feder & Majnemer, 2007; Pape & Ryba, 2004).   
While many studies have been conducted to identify the relationship between visual-
motor integration and handwriting difficulties (Cornhill & Case-Smith, 1996; Hagborg & Aiello-
Coultier, 1994; Phelps & Stempel, 1988; Rubin & Henderson, 1982; Sovik, 1981, 1984; 
Tarnopol & de Feldman, 1987; Tseng & Chow, 2000; Tseng & Murray, 1994), few have been 
done examining the relationship between handwriting difficulties and fine motor skills.  Since 
the development of fine motor skills correlates with the acquisition of handwriting skills in 
young children, this relationship should be further addressed in the preschool curriculum, and 
fine motor skills should be included in handwriting instruction to promote greater handwriting 
skills.  Fine motor skills may be a key component to handwriting performance and an important 
factor in why some children have difficulties with handwriting.  Therefore, studying the effects 
of fine motor based handwriting instruction programs on the development of these handwriting-
related skills would benefit the knowledge base of handwriting difficulties and may help identify 
how to not only correct these problems, but to prevent them as well.  Implementing structured 
handwriting readiness programs in preschool will give children the needed extra practice in a 
multisensory manner that may aide in mastering the fine motor tasks needed for the larger task of 
handwriting.  Furthermore, addressing the fine motor skill developmental deficit in children at 
the preschool level will increase their chance for success in kindergarten.  In addition, studies 
have suggested the need for further research into the practice of directly teaching fine motor 
skills to children with handwriting difficulties (Weintraub & Graham, 2000).   
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Winslow (2011) demonstrated that a multisensory handwriting readiness program 
implemented in a Head Start program had a positive effect on the fine motor integration and 
manual dexterity skills of children in Head Start.  Donica, Goins, and Wagner (2012) 
demonstrated that two different handwriting readiness programs had a positive effect on the 
handwriting-related skills of these children.  Whether these positive effects would last into 
subsequent years following intervention is important in understanding the long-term benefits of 
such handwriting readiness programs.  This current study is a follow-up study to investigate the 
carry-over effect of the Fine Motor and Early Writing Pre-K Curriculum (FMEW) on 
handwriting-related skills from the end of the intervention year to one year following 
intervention when compared to a control group who had received typical Head Start handwriting 
instruction and an alternate experimental group consisting of children who had participated in the 
Handwriting Without Tears – Get Set For School Curriculum® (HWT).    
This follow-up study has three research questions.  First, does implementation of the Fine 
Motor and Early Writing Pre-K Curriculum during Head Start help children to show greater 
improvements in scores on the Fine Motor Integration Subtest and the Manual Dexterity Subtest 
of the BOT-2 (Bruininks & Bruininks, 2005) from the end of the intervention year to one year 
following intervention when compared to children who participated in typical Head Start 
instruction for handwriting and to children who participated in the Handwriting Without Tears – 
Get Set For School Curriculum®?  Additionally, does implementation of the Fine Motor and 
Early Writing Pre-K Curriculum during Head Start help children to show greater improvements 
in scores on the Upper-Limb Coordination Subtest and the Fine Motor Precision Subtest of the 
BOT-2 (Bruininks & Bruininks, 2005) from the end of the intervention year to one year 
following intervention when compared to the control group who participated in typical Head 
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Start handwriting instruction and an alternate experimental group consisting of children who 
participated in the Handwriting Without Tears – Get Set For School Curriculum®?   Lastly, does 
implementation of the Fine Motor and Early Writing Pre-K Curriculum in Head Start help 
children to display greater improvements in scores on visual-motor skills from the end of the 
intervention year to one year following intervention when compared to children who participated 
in the Handwriting Without Tears – Get Set For School Curriculum® and to children who had 
received typical Head Start instruction for handwriting as evidenced using The Beery-Buktenica 
Developmental Test of Visual-Motor Integration – Sixth Edition (Beery & Beery, 2010)?   
 
 CHAPTER 3: METHODS 
Design 
This study was a follow-up of the initial study conducted during the 2010-2011 school 
year at the Pitt County Head Start center in Greenville, NC by researchers from the Occupational 
Therapy Department of East Carolina University (Donica, Goins, & Wagner, 2012; Winslow, 
2011).  The purpose of the initial study was to examine the effects of two structured handwriting 
readiness programs on the development of handwriting-related skills in children at Head Start.  
For the initial study, in September 2010 the Fine Motor & Early Writing Pre-K Curriculum 
experimental classroom with 16 children, the Handwriting Without Tears – Get Set For School® 
Program alternative experimental classroom with 18 children, and the control classroom of 15 
children were pre-tested using The Beery-Buktenica Developmental Test of Visual-Motor 
Integration – Sixth Edition (VMI; Beery & Beery, 2010), the Fine Motor Precision, Fine Motor 
Integration, Manual Dexterity, and Upper-Limb Coordination subtests of the Bruininks–
Oseretsky Test of Motor Proficiency-Second Edition (BOT-2; Bruininks & Bruininks, 2005), 
and the Shore Handwriting Screening (Shore, 2003), administered by qualified and trained East 
Carolina University occupational therapy graduate students.  Afterwards, the Fine Motor & Early 
Writing Pre-K Curriculum (FMEW) was implemented in the experimental classroom, the 
Handwriting Without Tears - Get Set For School Curriculum® (HWT) was implemented in the 
alternate experimental classroom, and the control group received typical Head Start instruction 
for handwriting, lasting from October 2010 to March 2011.   
The FMEW experimental classroom at the Head Start center participated in the 
curriculum for 32 biweekly sessions led by graduate occupational therapy student researchers.  
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Toni Schulken, Courtney Enos, and Jordan Rice developed the FMEW curriculum specifically to 
be used in the intervention year of this study at the Pitt County Head Start center in Greenville, 
NC, as a pilot study for the curriculum.  Children rotated between two instructor-led and two  
independently-led centers, staying at each about 10 to 15 minutes, for a total of 30 minutes two 
times per week.  Students were not required to go to all four centers, but were encouraged to 
participate in at least the two researcher-led centers and to complete the activities.  All four 
centers addressed a particular set of fine motor skills, perceptual motor skills, pre-writing skills, 
and number and capital letter formation.  (See Winslow, 2011 for more specific details of this 
program).  
The HWT alternate experimental classroom consisted of a total of 37 one-hour small 
group sessions using the Handwriting Without Tears – Get Set For School Curriculum®.  
Graduate occupational therapy student researchers performed intervention twice a week, starting 
each session with a whole group motor coordination activity, followed by having the children 
rotate between independent centers and HWT instruction centers (two centers per day), with 
children remaining at each center for about five to ten minutes of each session.  (See Donica, 
Goins, & Wagner, 2012 for more specific details of this program). 
At the end of the intervention period in March 2011, all children were again tested using 
the VMI (Beery & Beery, 2010), the same four subtests of the BOT-2 (Bruininks & Bruininks, 
2005), and the Shore Handwriting Screening (Shore, 2003).  (Results from the Shore 
Handwriting Screening were analyzed for a different study and were not analyzed as part of this 
study).  Change in total point scores from pre-test to post-test of the four BOT-2 (Bruininks & 
Bruininks, 2005) subtests used were compared between the FMEW experimental group and the 
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control group.  Results identified that the FMEW curriculum had a positive effect on the fine 
motor skills of the children at Head Start.  More specifically, the initial study showed a 
significant difference between the improvement in mean total point scores of the experimental 
group and the improvement in mean total point scores of the control group from pre-test to post-
test on two of the four BOT-2 (Bruininks & Bruininks, 2005) subtests.  (Differences were found 
on the Fine Motor Integration Subtest and the Manual Dexterity Subtest whereas no significant 
differences were found on the Upper-Limb Coordination Subtest or the Fine Motor Precision 
Subtest).  Furthermore, the experimental group showed a large increase in mean total point 
scores on the Manual Dexterity subtest, a measure of fine motor abilities, between pre-test and 
post-test.  This led researchers to believe that the Fine Motor & Early Writing Pre-K Curriculum 
had a positive effect on fine motor skills of children when compared to the control group 
(Winslow, 2011).   
Results from the VMI (Beery & Beery, 2010) were not analyzed for the initial study, but 
data had been collected at both pre-test and post-test and was analyzed for the follow-up study in 
order to compare visual-motor skills of children between all three classrooms from the end of the 
intervention year to one year following intervention in order to aid in understanding the 
relationship between visual-motor skills and handwriting abilities.  Furthermore, results from the 
Shore Handwriting Screening were used as part of another study sharing all three groups, and 
were not analyzed for either the initial study or this follow-up study.   
 This follow-up study aimed to determine whether the improvements seen in handwriting-
related skills during the initial study would persist throughout the year following intervention.  
More specifically, participants were tested in September 2011 (six months after the post-test 
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session of the initial study) and in March 2012 (twelve months after the post-test session of the 
initial study) using the same assessments as the initial studies.  The researcher compared the 
children’s scores from the VMI (Beery & Beery, 2010) and the four subtests of the BOT-2 
(Bruininks & Bruininks, 2005) between children in the FMEW experimental classroom, the 
HWT alternate experimental classroom, and the control classroom, from the end of the 
intervention year to one year following intervention.   
This study was a time series longitudinal design with four total data collection points 
(two during the initial study and two during the follow-up study).  During the initial study 
children were tested in September 2010 (testing session one), intervention was implemented, and 
children were again tested in March 2011 (testing session two).  During this follow-up study 
children were tested in September 2011 (testing session three) and again in March 2012 (testing 
session four), with no intervention given as part of the follow-up study.  The dependent variables 
for this follow-up study were the scores received on the VMI (Beery & Beery, 2010) and the four 
subtests of the BOT-2 used (Bruininks & Bruininks, 2005).  The VMI (Beery & Beery, 2010) 
yielded one score and four subtests of the BOT-2 (Bruininks & Bruininks, 2005) provided four 
scores.  These subtests were Fine Motor Precision (Subtest 1), Fine Motor Integration (Subtest 
2), Manual Dexterity (Subtest 3), and Upper-Limb Coordination (Subtest 7), the same four 
subtests used in the initial study.  The independent variable in this study was the classroom 
handwriting instruction program in which the child participated during the initial study; the 
control group, the FMEW experimental group, or the HWT alternate experimental group.   
 The researcher hypothesized that the positive effects on handwriting-related skills that the 
experimental group displayed after the initial year would have a carry-over effect throughout the 
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year following intervention.  More specifically, the researcher believed that children who had 
participated in the Fine Motor and Early Writing Pre-K Curriculum (FMEW) would show 
greater improvements in scores on the Fine Motor Integration Subtest and the Manual Dexterity 
Subtest of the BOT-2 (Bruininks & Bruininks, 2005) between the end of the intervention year 
(test two) and one year following intervention (test four) when compared to children in the 
control group who had received typical Head Start instruction for handwriting and compared to 
those children in an alternate experimental group who participated in the Handwriting Without 
Tears – Get Set For School Curriculum® (HWT).  Furthermore, the researcher hypothesized that 
children who had participated in the FMEW experimental classroom would display greater 
improvements in scores on both the Fine Motor Precision Subtest and the Upper-Limb 
Coordination Subtest of the BOT-2 (Bruininks & Bruininks, 2005) from the end of intervention 
to one year following intervention when compared to children who had participated in the 
control group and the alternate experimental group.  Lastly, the researcher hypothesized that the 
experimental group that had participated in the FMEW curriculum would display greater 
improvements in scores on the VMI (Beery & Beery, 2010) from the end of the intervention year 
to one year following intervention when compared to the control group that had received typical 
Head Start handwriting instruction and the alternate experimental group that had participated in 
the HWT program. 
Subjects 
The subjects of this follow-up study were 16 children that had been enrolled in one of the 
three classrooms in the Pitt County Head Start center in Greenville, NC during the 2010-2011 
school year that had participated in the initial study.  Six children from the FMEW experimental 
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group, six children from the HWT alternate experimental group, and four children from the 
control group were reached and willing to participate in this follow-up study.  During the 2011-
2012 school year, most of the children attended kindergarten at various schools, except for three 
from the HWT alternate experimental group and one from the control group that attended Head 
Start again due to their age level.  Inclusion criteria were having submitted a signed 
parent/guardian permission slip and having transportation to East Carolina University for the two 
follow-up testing sessions.  Exclusion criteria were not having been a part of the initial year of 
the study or not completing all of the assessments at the two testing sessions of this follow-up 
study (test three and test four).  This study used convenience sampling as parents/guardians 
volunteered to allow their children to participate and no additional recruitment was used other 
than selection of children from the initial year of the study.   
Instrumentation 
Beery-Buktenica Developmental Test of Visual-motor Integration – Sixth Edition. 
 The Beery-Buktenica Developmental Test of Visual-Motor Integration – Sixth Edition 
(VMI; Beery & Beery, 2010) is an individually administered, standardized form-copying test 
developed for individuals 2- to 100-years-old.  This test assesses visual-motor integration by 
having individuals copy 24 geometric shapes presented in a developmental sequence that 
becomes progressively more complex and challenging to copy.  Individuals complete the test at 
their own pace with the paper form and a pencil and are asked to copy the shape in the space 
provided below, with three shapes presented on each page.  The test is terminated when the 
individual fails to accurately copy three successive shapes.  For this follow-up study, the VMI 
was administered to children as instructed by the VMI manual (Beery & Beery, 2010).  The 
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researcher scored the VMI following stringent guidelines and instructions specified in the 
manual where each shape was scored as either pass or fail and, if passing, awarded a score of 
one.  The final scores were obtained by adding the point scores for the shapes correctly copied, 
with a possible high score of 30 and low score of 0 for each child.  The VMI yielded a raw score 
that was converted to one standardized score, which may then be converted to an age equivalent, 
percentile score, and scaled score.  The instructions include examples of images with appropriate 
scoring, as well as specific criteria for measuring and scoring the images drawn by the individual 
(Beery & Beery, 2010).   
The VMI (Beery & Beery, 2010) was chosen as a measurement tool for this study 
because it is identified as a useful evaluation tool when screening for handwriting difficulties 
(Daly et al., 2003; Ratzon et al., 2007) and is used primarily as a screening tool to identify 
proficiency in visual-motor integration (Beery & Beery, 2010).  Furthermore, the FMEW 
curriculum incorporates visual-motor activities in its multisensory approach to handwriting 
instruction.  Therefore, the researcher of this follow-up study felt that adding this test to the study 
would allow another important aspect of handwriting to be investigated.  In addition, the VMI 
(Beery & Beery, 2010) follows the typical developmental sequence of lines and shapes that 
children are able to draw, and is therefore a good measurement of a child’s developmental age in 
terms of handwriting skills.  Lastly, the VMI has acceptable levels of both reliability and validity 
in typically developing children with high content reliability, ranging from 0.96 to 1.00, good 
internal consistency, ranging from 0.76 to 0.91, high interrater reliability, ranging from 0.93 to 
0.98, and high test-retest reliability of 0.92 over a two-week period (Beery & Beery, 2010).  The 
VMI was correlated with the Copying Subtest of the Developmental Test of Visual Perception 
(DTVP-2) and the Drawing Subtest of the Wide Range Assessment of Visual Motor Abilities 
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(WRAVMA) and has high measures of construct validity, ranging from 0.84 to 0.89 (Beery & 
Beery, 2010).    
Bruininks–Oseretsky Test of Motor Proficiency-Second Edition. 
The Bruininks–Oseretsky Test of Motor Proficiency – Second Edition (BOT-2; Bruininks 
& Bruininks, 2005) is an individually administered, standardized test designed to quantify the 
motor skills of individuals ages 4- to 21-years-old.  It includes four composites of two subtests 
each.  For this study, only the Fine Manual Control Composite, including Fine Motor Precision 
(Subtest 1) and Fine Motor Integration (Subtest 2), and the Manual Coordination Composite, 
including Manual Dexterity (Subtest 3) and Upper-Limb Coordination (Subtest 7) were 
administered.  The Fine Motor Precision Subtest includes bilateral hand skills and accuracy with 
cutting, folding paper, and coloring.  The Fine Motor Integration Subtest measures visual-motor 
skills determined by copying various shapes.  Both subtests evaluate the individual’s skills in 
integrating visual perception with hand and finger motor movements.  The Manual Dexterity 
Subtest is timed and involves being able to quickly manipulate small items and materials such as 
pennies, cards, small beads, and pegs.  The Upper-Limb Coordination Subtest uses tasks such as 
catching a ball (with one hand and both hands), dribbling a ball (with one hand and alternating 
hands), and throwing a ball at a target to measure a child’s upper-limb coordination.  All of the 
subtests require the examiner to follow stringent guidelines and instructions for administration 
and scoring of the subtest items, as well as pictures and examples of how to administer and score 
(Bruininks & Bruininks, 2005).   
The BOT-2 (Bruininks & Bruininks, 2005) was used for this study because it is widely 
used to assess motor skills for both clinical and research purposes due to its moderate to high 
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test-retest and inter-rater reliabilities in healthy children (Wuang, Lin, & Su, 2009).  For the 
composite scores for Fine Manual Control the mean test-retest reliability for the group of 4- to 7-
year olds is 0.81, and for Manual Coordination is 0.62.  For inter-rater reliability, the 4- to 7-year 
old age group has a mean reliability of 0.91 for Fine Manual Control and 0.98 for Manual 
Coordination, demonstrating that the inter-rater reliability was very consistent (Bruininks & 
Bruininks, 2005).  Furthermore, measures of internal consistency reliability are also high for the 
BOT-2.  For Fine Manual Control, the age group including ages 4- to 7-years-old has a mean 
reliability of 0.88, and for Manual Coordination a mean reliability of 0.89, indicating that the 
subtest and composite scores used are highly accurate.  Validity measures for the group 
consisting of 4- to 7-year-olds are also good.  Fine Manual Control has a mean validity ranging 
from 0.31 to 0.87 (depending on what composites and subtests are being evaluated) and Manual 
Coordination ranging from 0.31 to 0.83 (Bruininks & Bruininks, 2005).  Overall the BOT-2 is 
considered to have good validity when measured for item fit, as well as good test content validity 
and internal structure validity (Bruininks & Bruininks, 2005).  Furthermore, the assessment is 
moderately correlated with other measures of motor performance, such as the Peabody 
Developmental Motor Scales 2nd Edition (correlations ranging from 0.47 to 0.59 for 4- to 5-year 
olds on the skills tested in this study) as well as with the Test of Visual-Motor Skills-Revised 
(correlations ranging from 0.55 to 0.74 for 4- to 13-year olds on the skills tested in this study).  
The BOT-2 total point scores are also quantitative and can be converted to standard scores, 
percentiles, and age equivalencies (Bruininks & Bruininks, 2005).   
Procedure 
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For this follow-up study the researcher gained approval from East Carolina University’s 
University & Medical Center Institutional Review Board (UMCIRB), as well as approval from 
the director of the Pitt County Head Start center to distribute consent forms.  At the end of the 
2010-2011 school year, letters and consent forms were given to the teachers of all three 
classrooms from the initial study to give to parents/guardians of the children with information 
about the follow-up study and their obligation to arrange for transportation to the testing site (the 
Allied Health Sciences building at East Carolina University) should they and their child choose 
to participate (See Appendix B).  The letters also informed parents/guardians that they would 
receive a $25 Wal-Mart gift card for attending each testing session, as well as an additional $25 
gift card for completing all assessments, for a total of up to $75 in gift cards.  Contact 
information for the principal researcher was given to parents/guardians as well.  The teachers in 
both the experimental classroom and the alternate experimental classroom had parents/guardians 
sign the consent forms when picking up their child at the end of the 2010-2011 school year, and 
gave them the information sheet to keep for themselves.  Parents/guardians also gave their own 
contact information to be reached to schedule testing sessions and to provide a reminder call 
prior to each testing session.  (Because most of the children eligible for the study did not return 
in the fall to the Head Start, individual contact was required to schedule them for the sessions of 
this follow-up study).  In the control group classroom, consent forms and information sheets 
were sent home with children, and no signed consent forms were returned.  The researcher got 
approval from the UMCIRB and received permission from the director of the Head Start 
program to call all of these parents/guardians from the Head Start center and let them know 
about the study during August 2011.  Consent forms and information sheets were then mailed to 
these parents/guardians from the Head Start center in order to maintain privacy, in an addressed 
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and stamped envelope asking for return of the consent forms as soon as possible.  While only one 
consent form was received by mail, the researcher was able to schedule appointments with 
parents/guardians of three more control group children via phone call, and consent forms were 
signed at the beginning of the first follow-up testing session as necessary.  All information 
received from all parents/guardians was kept private and confidential and only shared with those 
necessary, such as the UMCIRB and its staff, and other ECU staff who oversaw this research.   
In August 2011, parents/guardians of all children who had participated in the initial study 
were contacted by email, phone, and/or text, as indicated by parent, to schedule times for their 
children to be brought to ECU to implement the assessments for testing session three at a time 
that accommodated the schedules of the children, parents/guardians, and the researcher.  
Multiple phone calls, emails, and/or texts were sent to set up appointments and remind the 
parents/guardians of their appointments in an attempt to get as many children as possible to take 
place in this follow-up study.  When the researcher was unable to schedule appointments via 
phone calls, emails, and/or texts, postcards were sent to all of the parents/guardians that had not 
yet brought their child in for testing but had given permission to be contacted by indicating their 
address on the consent form.  By the end of September 2011, 20 children (seven from the FMEW 
experimental classroom, nine from the HWT alternate experimental classroom, and four from the 
control classroom) had completed the third testing session (first testing session of this follow-up 
study).  The $25 Wal-Mart gift cards had not arrived by the time testing began, so 
parents/guardians were called, emailed, and/or texted in October 2011 to let them know that the 
gift cards had arrived and could be picked up at the Occupational Therapy Department office at 
East Carolina University.  Sixteen of the twenty parents/guardians picked up their gift cards, and 
the others were saved for distribution at the last testing session.   
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During the month of September 2011 (test three) each of the 20 children came to the 
Allied Health Sciences Building at East Carolina University to be tested individually, which 
lasted about one hour per child.  All children were tested on the VMI (Beery & Beery, 2010), 
four subtests of the BOT-2 (Bruininks & Bruininks, 2005), and the Shore Handwriting Screening 
(Shore, 2003).  (Again, all three groups were being shared with another study using the Shore 
Handwriting Screening and the researcher wanted to eliminate possible limitations by having all 
children take the same three assessments.  However, results from the Shore Handwriting 
Screening were not addressed in this follow-up study).  Trained East Carolina University 
occupational therapy graduate students administered the assessments under the supervision of 
occupational therapy faculty, all of which were blinded to what group (control, experimental, or 
alternate experimental) each child had participated in during the initial study.  The tests were 
given in random order to avoid any order effects and all tests were coded using numbers instead 
of children’s names to ensure that the researcher was blinded to what child completed the test 
and what group they had participated in during the intervention year.  A parent/guardian was 
required to remain at the testing site during testing and able to observe if desired.  
Parents/guardians were also asked to update their contact information to ensure that the 
researcher could contact them again in February 2012 to schedule the last testing session.  At the 
end of this testing session (test three), once all children had completed all assessments, the 
researcher, again blinded to the children’s names and group assignment (control, experimental, 
or alternate experimental) scored the assessments.   Results were recorded and all test score 
information was locked to ensure confidentiality.   
In February 2012, parents/guardians of the 20 children were again contacted by email, 
phone, and/or text to set up times for their children to be brought to the Allied Health Sciences 
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Building at East Carolina University to implement the last testing session at a time that 
accommodated the schedules of the children, parents/guardians, and the researcher.  Multiple 
phone calls, emails, and texts were sent to set up appointments and remind the parents/guardians 
of the appointments in an attempt to get as many of the 20 children as possible to complete the 
last testing session.  When the researcher could not schedule appointments via phone calls, 
emails, and/or texts, postcards were again sent to those parents/guardians that had not yet 
brought their child in for the last testing session but had given permission to be contacted by 
indicating their address on the consent form.  By the end of March, 16 of the initial 20 children 
had been scheduled to complete the last testing session (six from the experimental classroom, six 
from the alternate experimental classroom, and four from the control classroom).  
During March 2012 (test four) each child came to the Allied Health Sciences Building at 
East Carolina University to be retested individually on the same three assessments by trained 
East Carolina University occupational therapy graduate students under occupational therapy 
faculty supervision.  The test administers were again blinded to what group each child had 
participated in during the initial study by coding each assessment with the child’s number instead 
of their name.  Testing took place two or three days a week, at the convenience of the 
parents/guardians, throughout the month of March 2012.  Again, assessments were administered 
in random order to avoid any order effects.  Efforts were also made to ensure a similar testing 
environment to that of the first follow-up session (test three) by completing assessments in the 
same room.  A parent/guardian was again required to remain at the testing site and was able to 
observe the testing if desired.  The $25 Wal-Mart gift cards were given to the parents/guardians 
at the end of their child’s testing session, including a third gift card if their child had completed 
all three tests at both testing sessions.  If the parent/guardian had not received their first gift card, 
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that was also given at this time.  All 16 children completed all of the testing requirements at both 
follow-up testing sessions and received the full amount of Wal-Mart gift cards ($75 total).  At 
the end of the last testing session when all children had completed all assessments, the 
researcher, again blinded to the names and group assignments of the children, scored the 
assessments.  Results were recorded and all test score information was locked to ensure 
confidentiality.  
The BOT-2 Assist program was used for data entry for the BOT-2 data from the four 
subtests used (Fine Motor Precision, Fine Motor Integration, Manual Dexterity, and Upper-Limb 
Coordination).  This data was then put into the IBM SPSS Statistics 19 (Statistical Package for 
the Social Sciences) Software, as was the VMI data.  SPSS Software was used for both the BOT-
2 (Bruininks & Bruininks, 2005) and the VMI (Beery & Beery, 2010) for data entry and data 
analysis.   
When all assessments were completed and scored, the researcher compared scores 
received on the four subtests of the BOT-2 (Fine Motor Precision, Fine Motor Integration, 
Manual Dexterity, and Upper-Limb Coordination; Bruininks & Bruininks, 2005) by children in 
the control classroom, the experimental classroom, and the alternate experimental classroom.  
Scores received after the intervention period in March 2011 (test two) were compared to scores 
received at the end of the follow-up study in March 2012 (test four) to examine the carry-over 
effects of the FMEW handwriting readiness program on the fine motor skills of the children in 
the experimental group as compared to the children in the control group and the alternate 
experimental group.  Scores from all four testing sessions over the period of both the initial and 
follow-up studies were also compared using line plots to examine the individual overall effects 
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on the fine motor skills of children in the experimental group when compared to children in the 
control group and the alternate experimental group. 
Next, the researcher compared scores received on the VMI (Beery & Beery, 2010) at the 
end of the follow-up study in March 2012 (test four) to those received at the end of the 
intervention period in March 2011 (test two) to examine the carry-over effects of the FMEW 
handwriting readiness program on the visual-motor skills of the children in the experimental 
group as compared to children in the control group and the alternate experimental group.  Scores 
from all four testing sessions over the period of both the initial and follow-up studies were also 
compared using a line plot to examine individual overall effects on visual-motor skills of 
children in the experimental group when compared to children in the control group and the 
alternate experimental group. 
 CHAPTER 4: RESULTS 
Description of the Sample 
The initial study that took place during the 2010-2011 school year had a total of 49 
children that were included in the data analysis (16 from the FMEW experimental classroom, 18 
from the HWT alternate experimental classroom, and 15 from the control classroom).  This 
follow-up study therefore had the potential to have up to 49 participants.  Of those 49, the 
researcher was able to get 20 children (41%) to complete the first follow-up testing session in 
September 2011 (7 from the FMEW experimental classroom, 9 from the HWT alternate 
experimental classroom, and 4 from the control classroom).   Of these 20 children, 16 (80%) 
returned for the last testing session and therefore these 16 were the subjects used for data 
analysis (6 from the FMEW experimental classroom, 6 from the HWT alternate experimental 
classroom, and 4 from the control classroom).  Due to the small sample size of each of the three 
groups, no formal inference calculations were performed as part of the data analysis for this 
follow-up study, as a much larger sample size is needed to obtain significant results and the 
small sample size decreases both the generalizability of test results to the population, as well as 
the power of the statistical analysis.   
The control group had four children total, all of which were males.  The HWT alternate 
experimental group had six children total, with four males (67%) and two females (33%).  The 
FMEW experimental group had six children total, with two males (33%) and four females 
(67%).   
 The FMEW experimental group was considerably older than the other two groups, with a 
median age six months older than the HWT alternate experimental group and eight months older 
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than the control classroom.  In Spring 2012, the control group had a median age of 67 months, 
the HWT alternate experimental group had a median age of 69 months, and the FMEW 
experimental group had a median age of 75 months.  See Figure 1.   
  
      
Figure 1.  Differences in ages was noted, with the FMEW experimental classroom having 
an average age that was considerably higher than the other two groups.   
 
Data Analysis 
Data analysis took place at the end of the initial study in March 2011.  Winslow (2011) 
analyzed the data for the FMEW experimental group and the control group using the four 
subtests of the BOT-2 (Bruininks & Bruininks, 2005).  Data from the BOT-2 was gathered from 
the HWT alternate experimental group but not analyzed as part of that study.  Also, VMI (Beery 
& Beery, 2010) data was collected for all three groups but was not analyzed as part of Winslow’s 
(2011) study.   
Ages in Months in Spring 2012 
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Data analysis for this follow-up study took place when all testing was complete in March 
2012.  The independent variable was the program in which the child had participated during the 
intervention year (control group, HWT alternate experimental group, or FMEW experimental 
group) and the dependent variables were the scores received on the VMI (Beery & Beery, 2010) 
and the BOT-2 subtests (Fine Motor Precision, Fine Motor Integration, Manual Dexterity, and 
Upper-Limb Coordination; Bruininks & Bruininks, 2005).  
Researchers first used line plots to compare the different data collection points, in which 
the independent variable was time (the four data collection points) and the dependent variable 
was the test scores received.  (The tests were ordered from test one to test four, however the time 
between the tests was not the same).  One line plot for each test score (one for the VMI [Beery & 
Beery, 2010] raw scores and four for the BOT-2 [Bruininks & Bruininks, 2005] subtests total 
point scores) was displayed with the three groups being represented using a different color for 
each group (control, HWT alternate experimental group, and FMEW experimental group), for a 
total of five line plots.  Each participant had four points connected with a line so that individual 
results were displayed to make individual differences visually aware to the researcher.   The 
slope of the line segment indicates the size of the change from one testing session to another.  
This allowed the researcher to see changes in performance within and between the control group, 
the experimental group, and the alternate experimental group at each testing point.   
Next the researcher displayed changes in scores received on the VMI (Beery & Beery, 
2010) and the four subtests of the BOT-2 (Bruininks & Bruininks, 2005) using side-by-side box 
plots in order to determine if outliers were present and to visualize the variability and location of 
the data.  Each graph had three box plots, one for the control group, one for the FMEW 
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experimental group, and one for the HWT alternate experimental group, that displayed the 
changes in scores from test two to test four for each of the BOT-2 subtests (Fine Motor 
Precision, Fine Motor Integration, Manual Dexterity, and Upper-Limb Coordination; Bruininks 
& Bruininks, 2005) and the VMI (Beery & Beery, 2010).  By examining the difference in change 
in scores between the three groups from test two (end of the intervention period) to test four (one 
year following intervention), the researcher was able to analyze the carry-over effect that the 
FMEW curriculum had on the handwriting-related skills of children when compared to those 
who had received typical Head Start instruction in the control group and those who had 
participated in the HWT program in the alternate experimental group, for each of the assessment 
scores.  This aided the researcher in better understanding whether effects of this handwriting 
readiness program would last into the kindergarten year, thereby helping pre-kindergarten 
children to better prepare for the greater handwriting demands in kindergarten.   
The Beery-Buktenica Developmental Test of Visual-Motor Integration – Sixth Edition 
(VMI) Results 
VMI line plot. The VMI raw scores line plot (Figure 2) displays that very few children 
showed an increase in raw scores from each testing session to the next, even though most 
children showed an overall increase in raw scores from the second testing session to the last.  In 
fact, many children had decreases in scores from one testing session to the next, with the 
transition from test two to test three showing the most children with a decrease in scores, as 
evidenced by a negative slope.   
VMI mean scores.  Table 1 displays the mean raw scores for each of the groups at each 
of the four testing sessions.  For the HWT alternate experimental group, the mean score went 
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from 11.83 on test two to 14.33 on test four (see Table 1), with an increase in mean change in 
scores of 2.50 (see Table 2).  The FMEW group had an increase from a mean score of 14.33 on 
test two to 16.00 on test four (see Table 1), an increase of 1.67 (see Table 2), which was the 
lowest of all three groups.  The mean raw score on the VMI for the control group increased from 
11.00 (see Table 1) on test two to 14.00 on test four, with the greatest mean change in scores of 
3.00 (see Table 2). 
       VMI Raw Scores  
    
 
 
Figure 2.  Individual differences noted between the four testing sessions.   
 
 
 
 
 
 
FMEW Experimental Group 
HWT Alternate Experimental Group 
Control Group 
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s  
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Table 1. VMI Raw Scores of All Groups for All Testing Sessions 
  FMEW Group   HWT Group   Control Group   
  M (SD)   M (SD)   M (SD) 
Test Session             
Test 1  12.33 (2.338)  9.33 (1.633)  10.25 (4.031) 
Test 2  14.33 (2.422)  11.83 (2.714)  11.00 (2.708) 
Test 3  15.00 (2.098)  12.33 (3.615)  12.25 (3.202) 
Test 4  16.00 (1.673)  14.33 (1.366)  14.00 (4.69) 
 
Table 2. VMI Mean Change in Raw Scores from Test 2 to Test 4 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD)  
              
  1.67 (1.506)  2.50 (2.950)  3.00 (2.449) 
 
VMI side-by-side box plot.  The VMI raw score changes from Test 2 to Test 4 box plot 
(see Figure 3) displayed a higher median for the control group when compared to the HWT 
alternate experimental group and the FMEW experimental group.  The median change in scores 
for the control group was 3.50, for the HWT alternate experimental group was 1.50, and for the 
FMEW experimental group was 1.00.  See Table 3.   
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         VMI Raw Score Changes from Test 2 to Test 4  
 
Figure 3.  Greatest median change in scores noted for the control group.   
 
Table 3.  VMI Median Change in Raw Scores from Test 2 to Test 4 
  FMEW Group   HWT Group   Control Group 
       Median       Median       Median 
          1.00         1.50         3.50 
 
The Bruininks-Oseretsky Test of Motor Proficiency – Second Edition (BOT-2) Results 
Fine Motor Precision line plot.  The BOT-2 Fine Motor Precision Subtest total point 
scores line plot (see Figure 4) displayed that the lowest increase in scores for most children was 
from the first testing session to the second testing session, with four children showing a decrease 
in scores and two children showing no change in scores.  The line plot also shows that for most 
children the period of greatest increase in scores was between test three and test four.  However, 
more children from the FMEW experimental group showed a greater increase between test two 
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and test three.  All children showed an increase in scores from the second testing session to the 
last.   
Fine Motor Precision mean scores.  The HWT alternate experimental group displayed 
an increase in mean scores from 9.33 on testing session two to 21.17 on testing session four (see 
Table 4), an increase in mean score of 11.84 (see Table 5).  The FMEW experimental group 
showed the greatest mean change in raw scores from testing session two to testing session four 
with a change in mean scores of 13.67 (see Table 5), from 15.33 on testing session two to 29.00 
on testing session four (see Table 4).  The control group had a mean total point score increase 
from 10.00 at the second testing session to 21.25 at the fourth testing session (see Table 4), a 
change in mean score of 11.25 (see Table 5), which was the lowest when compared to the other 
two groups.  
              BOT-2 Fine Motor Precision Subtest Total Point Scores  
 
 
Figure 4.  Individual differences noted between the four testing sessions.   
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Table 4. BOT-2 Fine Motor Precision Subtest Total Point Scores of All Groups for All 
Testing Sessions 
  FMEW Group   HWT Group   Control Group   
  M (SD)   M (SD)   M (SD) 
Test Session             
Test 1  14.83 (8.305)  3.50 (2.074)  6.25 (10.595) 
Test 2  15.33 (5.279)  9.33 (5.785)  10.00 (10.149) 
Test 3  24.83 (5.601)  14.50 (4.324)  12.75 (8.180) 
Test 4  29.00 (4.382)  21.17 (3.869)  21.25 (8.995) 
 
Table 5. BOT-2 Fine Motor Precision Subtest Mean Change in Total Point Scores from 
Test 2 to Test 4 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD)  
             
  13.67 (4.577)  11.84 (2.714)  11.25 (.577) 
 
Fine Motor Integration line plot.  The BOT-2 Fine Motor Integration Subtest total point 
scores line plot (see Figure 5) displayed that all children showed an increase in scores from test 
one to test two, and for most children the greatest increase in scores was from test three to test 
four.  However, four children showed a decrease in scores from test three to test four, while only 
two children decreased in scores from test two to test three.  All children showed an increase in 
scores from the second testing session to the last.  Some children showed very large increases 
from one testing session to the next.  One child from the control group showed the greatest 
increase of any children between any two testing sessions, which was noted between test three 
 46 
and test four.  Another child from the control group showed a large increase from test three to 
test four.  Lastly, a child from the FMEW experimental group showed a large increase from test 
two to test three.   
Fine Motor Integration mean scores.  The FMEW group displayed a mean of 18.50 at 
test two and a mean of 27.00 at test four (see Table 6), showing a change in mean scores of 8.50 
(see Table 7), the lowest of all three groups for this subtest.  Children from the HWT alternate 
experimental group displayed a change in mean scores of 12.33 (see Table 7) with a mean of 
12.00 at test two and a mean of 24.33 at test four (see Table 6).  The control group displayed the 
greatest change in mean scores of 16.08 (see Table 7), increasing from a mean of 11.67 at test 
two to 27.75 at test four (see Table 6).  
BOT-2 Fine Motor Integration Subtest Total Point Scores  
 
 
Figure 5.  Individual differences noted between the four testing sessions.   
 
FMEW Experimental Group 
HWT Alternate Experimental Group 
Control Group 
Total 
Point 
Score
s  
Testing Session 
 47 
Table 6. BOT-2 Fine Motor Integration Subtest Total Point Scores of All Groups for All 
Testing Sessions 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD) 
Test Session            
Test 1  13.50 (6.686)  3.83 (5.076)  4.75 (9.50) 
Test 2  18.50 (5.010)  12.00 (8.099)  11.67 (12.583) 
Test 3  24.00 (6.928)  17.50 (6.189)  8.75 (12.945) 
Test 4  27.00 (4.00)   24.33 (4.131)  27.75 (13.20) 
 
Table 7. BOT-2 Fine Motor Integration Subtest Mean Change in Total Point Scores from 
Test 2 to Test 4 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD)  
             
  8.50 (3.047)  12.33 (5.402)  16.08 (4.583) 
 
Manual Dexterity line plot.  The BOT-2 Manual Dexterity Subtest total point scores 
line plot (see Figure 6) displayed that the greatest increase in scores for most children was 
between testing session two and testing session three.  Between test one and test two, and 
between test three and test four, many children showed little or no increase in scores, and a few 
children actually showed a decrease in scores.  From testing session two to testing session four 
all children showed an increase in scores.   
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Manual Dexterity mean scores.  The FMEW group had a mean of 12.83 at test two and 
20.50 at test four (see Table 8), with an increase in mean score of 7.67 (see Table 9).  The HWT 
group had a mean of 10.67 at test two and 16.33 at test four (see Table 8), showing the lowest 
increase in mean score of 5.66 (see Table 9).  The mean total point score for the control group 
was 7.00 at test two and 15.50 on test four (see Table 8), displaying the greatest increase in mean 
score of 8.50 (see Table 9).  
         BOT-2 Manual Dexterity Subtest Total Point Scores  
 
 
Figure 6.  Individual differences noted between the four testing sessions.  
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Table 8. BOT-2 Manual Dexterity Subtest Total Point Scores of All Groups for All Testing 
Sessions 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD) 
Test Session            
Test 1  11.67 (3.67)   10.50 (3.146)  7.50 (5.066) 
Test 2  12.83 (4.119)  10.67 (1.366)  7.00 (2.944) 
Test 3  18.00 (4.69)   14.17 (3.817)  14.25 (6.344) 
Test 4  20.50 (3.886)  16.33 (2.805)  15.50 (4.509) 
 
Table 9. BOT-2 Manual Dexterity Subtest Mean Change in Total Point Scores from Test 2 
to Test 4 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD)  
             
  7.67 (2.338)  5.66 (2.302)  8.50 (3.51) 
 
Upper-Limb Coordination line plot.  Lastly, the BOT-2 Upper-Limb Coordination 
Subtest total point scores line plot (see Figure 7) displayed that many children showed decreases 
in scores from one testing session to the next, more so than any other subtest.  More children 
decreased in scores between test one and test two than between any other testing periods.  For 
most children, the greatest period of increase in scores was between test two and test three, and 
not all children showed an increase in scores between test two and test four.  Furthermore, this 
line plot shows that this subtest showed the greatest variability between children in scores on 
each of the testing sessions, as some children displayed considerably higher scores throughout all 
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four testing sessions when compared to other children, and some children displayed considerably 
lower scores throughout all four testing sessions.  Initially two children were outliers in that they 
scored very high on the first test in comparison to the other children.  These two children 
displayed the highest scores on each of the four testing sessions.   
Upper-Limb Coordination mean scores.  The mean total point score for the control 
group increased from 6.50 at the second testing session to 15.75 (see Table 10) at the fourth 
testing session, an increase of 9.25 (see Table 11), which was the highest for this subtest.  The 
HWT alternate experimental group decreased in mean score by 0.50 (see Table 11), from a mean 
of 12.50 at test two to 12.00 at test four (see Table 10), showing the only decrease in mean score 
of all tests.  The FMEW experimental group increased from 14.83 at test two to 21.33 at test four 
(see Table 10), showing an increase in mean score of 6.50 (see Table 11).  Interestingly, the 
FMEW experimental group had a higher mean at test two than the HWT alternate experimental 
group had at test four (see Table 10).   
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                 BOT-2 Upper-Limb Coordination Subtest Total Point Scores  
 
 
 
Figure 7.  Individual differences noted between the four testing sessions.   
 
Table 10. BOT-2 Upper-Limb Coordination Subtest Total Point Scores of All Groups for 
All Testing Sessions 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD) 
Test Session            
Test 1  16.83 (12.189)  8.67 (11.183)  6.25 (6.076) 
Test 2  14.83 (6.998)  12.50 (8.347)  6.50 (7.895) 
Test 3  17.67 (9.114)  11.83 (9.579)  12.00 (6.976) 
Test 4  21.33 (6.593)  12.00 (7.155)  15.75 (9.287) 
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Table 11. BOT-2 Upper-Limb Coordination Subtest Mean Change in Total Point Scores 
from Test 2 to Test 4 
  FMEW Group   HWT Group   Control Group  
  M (SD)   M (SD)   M (SD)  
             
  6.50 (2.588)  -0.50 (4.932)  9.25 (9.179) 
 
Fine Motor Precision side-by-side box plot.  The BOT-2 Fine Motor Precision Subtest 
scaled score changes from Test 2 to Test 4 box plot (see Figure 8) showed that the greatest 
median change in scores of all three groups was in the FMEW experimental group.  The median 
change in scores in the FMEW experimental group was 7.00, with the control group next at 4.00, 
and a median change in scores of 3.00 in the HWT alternate experimental group.  See Table 12.  
BOT-2 Fine Motor Precision Subtest Scaled Score Changes from Test 2 to Test 4  
                 
Figure 8. Greatest median change in scores noted for the FMEW experimental group. 
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Fine Motor Integration side-by-side box plot.  The BOT-2 Fine Motor Integration 
Subtest scaled score changes from Test 2 to Test 4 box plot (see Figure 9) displayed that the 
greatest median change in scores when compared to the other two groups was in the control 
group, followed by the HWT alternate experimental group.  The control group had a median 
change of 4.00, the HWT alternate experimental group displayed a median change of 2.50, and 
the FMEW experimental group showed no median change (0.00).  See Table 12.   
BOT-2 Fine Motor Integration Subtest Scaled Score Changes from Test 2 to Test 4  
            
Figure 9.  Greatest median change in scores noted for the control group.   
Manual Dexterity side-by-side box plot.  The BOT-2 Manual Dexterity Subtest scaled 
score changes from Test 2 to Test 4 box plot (see Figure 10) showed the FMEW experimental 
group with the greatest median change in scores when compared to the other two groups.  The 
FMEW experimental group median change in scores was 5.50, followed by the control group 
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with a median change in scores of 4.00, and lastly the HWT alternate experimental group with a 
median change in scores of 2.00.  See Table 12.   
BOT-2 Manual Dexterity Subtest Scaled Score Changes from Test 2 to Test 4  
     
Figure 10.  Individual differences noted between the four testing sessions.   
Upper-Limb Coordination side-by-side box plot.  The BOT-2 Upper-Limb 
Coordination Subtest scaled score changes from Test 2 to Test 4 box plot (see Figure 11) 
displayed that the greatest median change in scores was in the control group when compared to 
the other two groups, both of which actually had a decrease in median change of scores. The 
control group displayed a median change of 2.50.  Both the FMEW experimental group and the 
HWT alternate experimental group displayed a median change of -1.00.  See Table 12.  
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BOT-2 Upper-Limb Coordination Subtest Scaled Score Changes from Test 2 to Test 4  
                  
Figure 11.  Greatest median change in scores noted for the control group.   
 
Table 12.  BOT-2 Subtests Median Change in Scaled Scores from Test 2 to Test 4 
    FMEW Group  HWT Group  Control Group 
BOT-2 Subtest           Median      Median       Median 
Fine Motor Precision            7.00         3.00          4.00 
Fine Motor Integration       0.00         2.50          4.00 
Manual Dexterity        5.50         2.00          4.00 
Upper-Limb Coordination      -1.00        -1.00          2.50 
 
 CHAPTER 5: DISCUSSION 
Due to the small sample size of this follow-up study and the lack of randomization 
between the three groups, it is difficult to draw conclusions about the FMEW Pre-K curriculum 
and its effects on handwriting-related skills on children one year following intervention.  The 
lack of randomization led to groups that differed in age and gender.  The age difference was a 
significant issue, as the FMEW experimental classroom began with relatively higher test scores 
when compared to the other two groups, and the control group began with relatively lower test 
scores when compared to the other two groups.  The small sample size was also a significant 
issue, as any outliers greatly affected the mean and median changes in scores for each group on 
each of the assessments.  The control group demonstrated greater median improvements in 
scores on three of the five measurements, however the researcher does not believe that the lack 
of handwriting instruction demonstrated more positive impacts on the handwriting-related skills 
of children than the handwriting instruction programs.  Instead, it is noted that the control group 
began with lower scores, and therefore had more room to improve.  The control group also had 
less children than the other two groups, meaning that any outliers had a greater effect on the 
median and mean changes in scores for the control group than that of the other two groups.  
Furthermore, maturation likely had an effect on the skills of all the children participating in the 
study.  In fact, it would be expected that children would show the most improvements after the 
intervention was implemented, which was between testing session one and testing session two.  
However, many of the five measurements showed greater improvement in scores between test 
two and test three and between test three and test four, suggesting that the data was skewed 
negatively due to limitations of both the initial study and the follow-up study, and therefore 
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conclusions should not be drawn from this data alone about the initial and carry-over effects of 
the FMEW curriculum.   
The first research question asked if implementation of the FMEW Pre-K Curriculum 
during Head Start would help children show greater improvements in scores on the Fine Motor 
Integration Subtest and the Manual Dexterity Subtest of the BOT-2 (Bruininks & Bruininks, 
2005) from the end of the intervention year to one year following intervention when compared to 
children who participated in typical Head Start instruction for handwriting and to children who 
participated in the Handwriting Without Tears – Get Set For School Curriculum®.  While 
children in the FMEW experimental classroom did display a greater median change in scores on 
the BOT-2 Manual Dexterity Subtest (Bruininks & Bruininks, 2005), the control group displayed 
a greater mean change in scores on this subtest, as well as a greater median and mean change in 
scores on the Fine Motor Integration Subtest (Bruininks & Bruininks, 2005).  Therefore, this 
study did not demonstrate greater improvements in scores on the Fine Motor Integration Subtest 
and the Manual Dexterity Subtest of the BOT-2 (Bruininks & Bruininks, 2005) in the FMEW 
experimental group when compared to the control group or the alternate experimental group 
participating in the HWT program.  However, on both subtests the FMEW experimental group 
displayed the highest mean scores at test two.  Furthermore, the Fine Motor Integration line plot 
demonstrated that the greatest increase in scores for most children was from test three to test 
four, which may suggest that maturation had more of an effect on the visual-motor skills of 
children than what handwriting instruction they had received.  The line plot also illustrates that 
two children from the control group showed very large increases in scores, one between test 
three and test four and another between test two and test three.  As there were only four children 
total in the control group, this illustrates that these two children had a large effect on the mean 
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change in scores for the control group, skewing the data to favor the control group when 
analyzing changes in scores. The Manual Dexterity line plot displayed that the greatest increase 
in scores for most children was between test two and test three, which was the period of summer 
break in which children were likely not receiving instruction on handwriting-related skills.  
However, the skills used on this subtest of the BOT-2 are meant to correlate with recreational 
activities such as playing cards, which may be activities that children engaged in more during the 
summer than during the school year.  Interestingly, the control group decreased in mean scores 
from test two to three, and was the only group to do so.  Furthermore, children from the control 
group showed a decrease in mean change in scores following intervention (between testing 
session one and testing session two), yet displayed the greatest mean increase during the follow-
up year (between testing session three and testing session four).  This further iterates that 
maturation and other limitations of the study likely had a greater effect on these results than the 
handwriting readiness programs themselves.   
The second research question asked if use of the FMEW Pre-K Curriculum during Head 
Start helped children to show greater improvements in scores on the Upper-Limb Coordination 
Subtest and the Fine Motor Precision Subtest of the BOT-2 (Bruininks & Bruininks, 2005) from 
the end of the intervention year to one year following intervention when compared to the control 
group who participated in typical Head Start handwriting instruction and compared to children 
who participated in the Handwriting Without Tears – Get Set For School Curriculum®.  The 
Fine Motor Precision Subtest of the BOT-2 (Bruininks & Bruininks, 2005) displayed the greatest 
mean and median change in scores in the FMEW experimental classroom from test two to test 
four when compared to the other two groups, as well as the highest mean score at both the 
second testing session and the last testing session.  Furthermore, the line plot displayed that the 
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lowest increase in scores for most children was from the first testing session to the second, and 
the greatest increase in scores was from test three to test four, suggesting that the increase in 
scores seen in the follow-up year may have been due to maturation more than to the effects of the 
handwriting instruction programs, and the fact that children in the experimental classroom were 
considerably older than the children from the control and HWT alternate experimental groups.  
The Upper-Limb Coordination Subtest of the BOT-2 (Bruininks & Bruininks, 2005) displayed 
the control group with both the highest median and mean change in scores from test two to test 
four when compared to the other two groups.  It is important to note that the FMEW 
experimental group again displayed the highest mean scores at both test two and test four, and in 
fact had a higher mean at test two than the HWT alternate experimental group had at test four.  
Therefore, even though this group did not have the greatest change in scores, they did have the 
highest mean scores by far which affected the median and mean change in scores.  Again, this is 
likely due to the fact that the children in the FMEW experimental classroom were considerably 
older than the children in the other two groups. In addition, the Upper-Limb Coordination line 
plot displayed that many children showed decreases in scores between testing sessions, which 
may suggest an issue with difficulties of the assessment in either administration or performance.  
Therefore, this study did not demonstrate that the FMEW curriculum helped children to show 
greater improvements in scores on the Upper-Limb Coordination Subtest and the Fine Motor 
Precision Subtest of the BOT-2 when compared to the other two groups.     
The third research question asked if implementation of the FMEW Pre-K Curriculum in 
Head Start helped children to display greater improvements in scores on visual-motor skills from 
the end of the intervention year to one year following intervention when compared to children 
who participated in the Handwriting Without Tears – Get Set For School Curriculum® and 
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compared to children who had received typical Head Start instruction for handwriting as 
evidenced using The Beery-Buktenica Developmental Test of Visual-Motor Integration – Sixth 
Edition (Beery & Beery, 2010).  Children who had participated in the control group and had 
received typical Head Start instruction during the intervention year demonstrated the greatest 
mean and median change in scores from the end of the intervention year to one year following 
intervention on the VMI (Beery & Beery, 2010) when compared to the other two groups.  Those 
children who had participated in the FMEW experimental classroom demonstrated the lowest 
mean and median change in scores when compared to the other two groups, although they 
demonstrated the highest mean scores at both the second and the fourth testing sessions, yielding 
a smaller change in scores between the two testing sessions.   The higher mean scores displayed 
by the FMEW experimental group are again likely due to the fact that these children were 
considerably older than those children in the other two groups, as the shapes being copied on the 
VMI are presented in a developmental sequence.  Analyzing the changes in scores made a 
negative impression of the FMEW experimental group, when in fact they demonstrated the 
highest scores on this subtest.  Furthermore, the VMI line plot displayed that little change was 
made between each testing session for most children, suggesting that maturation may have had 
more of an effect on the scores than the type of handwriting instruction the children had received 
during Head Start.  In fact, some children showed decreases in scores between testing sessions, 
bringing into question whether there were difficulties with this assessment, either in 
administration or performance.  Therefore, this study did not demonstrate that the FMEW 
curriculum helped children to display greater improvements in scores of visual-motor skills from 
the end of the intervention year to one year following intervention when compared to the other 
two groups.   
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Limitations of this study include the small sample size and the convenience sampling, 
which inadvertently led to a lack of randomization.  All three groups were small samples, which 
decreases both the generalizability of test results to the population, as well as the power of 
statistical analysis.  The lack of randomization also led to unequal groups as far as age and 
gender, with the FMEW experimental group having more females and a higher mean age, and 
the control group being all male and considerably younger.  These factors strongly influenced the 
results, especially age, since this affects the scaled and standard scores and the development of 
handwriting-related skills.   
During the follow-up year the children were in different schools and classrooms, and 
therefore were receiving different handwriting instruction.  This influenced their abilities in 
handwriting-related skills and therefore the assessment scores.  Another limitation is that 
maturation naturally affects the handwriting-related skills of children, as these skills naturally 
develop as children age, effecting the accuracy of the results.   
The researcher put forth every effort to get as many children from the initial year of the 
study to participate in this follow-up study, including multiple phone calls, emails, postcards, and 
text messages to parents/guardians to attempt to schedule testing sessions and reschedule when 
parents/guardians and children did not show for their scheduled testing times.  Parents were 
given up to $75 in gift cards as an incentive to participate in the study as well.  Given the many 
limitations of this study, including the failed attempts to get a sample size large enough to yield 
generalizable and reliable results, a replicated study is not recommended in the future.  Working 
with a Head Start in which the classrooms were randomly assigned to the intervention program 
(rather than being able to ensure that gender and age were more equal between the three groups) 
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makes it difficult to yield reliable results.  Furthermore, having no control over the handwriting 
instruction each of the children was receiving during the follow-up year was another limitation 
that is difficult to control.  Given that many of these factors cannot be addressed in real-life 
situations, it is not recommended that this study be repeated in the future, as the researcher was 
unable to draw conclusions from this data.  However, a study in which many of these limitations 
could be addressed may yield valuable information about handwriting readiness programs.  For 
instance, a study could be performed at a school in which all children from a Pre-K setting will 
be going to the same school for their kindergarten year.  Although the children may still be in 
different handwriting classrooms, they would at least be in the same school and therefore more 
about their handwriting instruction received during that year could be made aware to the 
researcher, or even controlled as part of the research.  Furthermore, this type of setting would 
increase the likelihood that more children would participate in the research throughout both the 
intervention year and the follow-up year.  Furthermore, researchers could go to this school to 
administer assessments for both of the post-testing sessions, which again would likely increase 
the amount of participants for the follow-up study.  Lastly, more control needs to be given to the 
researchers in order to make each classroom more representative of the population, and to ensure 
that the classrooms are more equal as far as gender and age.   
Due to the small sample size of this study, further research with a larger sample size and 
a more representative sample is needed to support these findings.  One conclusion that can be 
drawn from this study is the differences between children in their ability to gain and maintain 
different handwriting-related skills.  All 16 children demonstrated different strengths and 
weaknesses in handwriting-related skills, which demonstrates the need for multisensory 
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handwriting instruction programs that address a variety of different learning styles, such as the 
FMEW curriculum, to ensure that as many children as possible are learning from the program.   
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APPENDIX A: DEFINITIONS OF TERMINOLOGY  
Legibility:  The extent to which handwriting can be read or deciphered. Legibility is made up of 
eight components, including: 
Memory:  The ability to remember and write letters and numbers when dictated to the 
 individual 
Orientation:  Facing letters and numbers in the correct direction 
Placement (also known as alignment):  Placing the letters and numbers on the baseline 
Size:  The size of the letters and numbers in comparison to the provided lines and to each 
other 
Start:  Beginning the letter or number in the correct place 
Sequence:  Writing the letter or number in the correct order with the correct stroke 
directions of each of its parts 
Control:  The neatness and proportion of the letters and numbers 
 Spacing:  The amount of space between each letter in a word and between each word in a 
 sentence 
Speed:  The rate at which written text is produced, usually measured in comparison to peers 
 
(Olsen, 2012) 
 APPENDIX B:  PARENTAL/GUARDIAN CONSENT FORMS AND LETTERS 
Informed Consent to Participate in Research 
Title of Research Study: Effects of Handwriting Readiness Programs on 4 to 6-year-old Children 
in Eastern North Carolina 
Investigators: Dr. Denise Donica, DHS, OTR/L, BCP 
             Anna Call, OTS 
             Whitney Lear, OTS 
Institution/Department or Division: East Carolina University, Department of Occupational 
Therapy 
Email:  donicad@ecu.edu 
Telephone #: 252-744-6197 
East Carolina University, Department of Occupational Therapy is planning to continue collecting 
information on the handwriting research project that your child participated in during the 2010-
2011 school year at the Pitt County Head Start.  This project will help us continue to look at the 
impacts of participation in a handwriting readiness program long-term. The goal of this program 
is to see if those who participated in the programs offered at the Head Start continue to 
demonstrate gains as they move on to Kindergarten.  The decision to take part in this research is 
yours to make.   
 You are being invited to take part in this research because your child participated in this study 
during the 2010-2011 school year at the Pitt County Head Start.  In order to conduct a follow-up 
study with the children during the 2011-2012 school- year, we need volunteers who are willing 
to take part in the research.  We are now asking if you would be willing to give consent for your 
child’s participation and to provide your contact information so that we will be able to contact 
you to schedule 3 testing sessions (approximately 1 hour each) with your child at East Carolina 
University’s Health Science Building.  The building is located off of 5th street near Pitt County 
Memorial Hospital in Greenville, NC. These sessions will occur one time in each of the 
following months:  August 2011, December 2011, and April 2012.  The testing sessions will 
involve your child completing 3 assessments involving writing, coloring, copying, cutting, and 
manipulating objects.  
You and your child’s participation would be appreciated and rewarded with a $25 Wal-Mart gift 
card at EACH visit and an additional $25 gift card for your child at the end of the study if the 
child attends ALL 3 sessions and completes all assessments.  Please understand that your 
participation in the study is entirely voluntary, and you are free to discontinue the study at any 
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time. You will be responsible for transporting your child to and from the testing location at the 
Health Science Building on the date/time you agree on, and you are required to remain at the 
testing center for the duration of each session.  All testing material will be kept confidential and 
personal information will only be seen by study investigators.   If you have any questions or 
concerns, please feel free to contact Dr. Denise Donica at ECU at 252-744-6197 or by emailing 
her at donicad@ecu.edu. If you have any questions about the rights of your child as a research 
participant, you may contact The University and Medical Center Institutional Review Board at 
252-744-2914. 
Please complete the attached information and return by FRIDAY May 20, 2011. Thank you for 
your interest in this exciting educational research study!! 
Sincerely, 
Anna Call, OTS and Whitney Lear, OTS 
Dr. Denise Donica, DHS, OTR/L, BCP 
Researcher/Principal Investigator 
As the parent or guardian of ______________________________________________,  
               (write your child’s name) 
 
 YES, I grant my permission for Dr. Donica to contact me by the means I indicate below 
to schedule 3 additional data collection times with my child during the 2011-2012 school-
year. I understand I need to take my child to the Health Sciences Building where these 
sessions will occur and I will be given a $25 Wal-Mart card for EACH session my child 
attends and an additional $25 card for my child at the end of the study if the child 
attends all 3 sessions. I understand this information will not be shared with my child’s 
school and will be kept confidential being used only for the purposes of the above 
research study. 
 
 Home phone:_____________________________________________________ 
 Address:__________________________________________________________ 
               __________________________________________________________ 
 Cell phone:_______________________________________________________ 
 Check here if texting is ok  
 Email: ___________________________________________________________ 
 Other contact person’s name and information: __________________________ 
_________________________________________________________________ 
Preferred contact method and time:___________________________________ 
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 NO, I do NOT grant my permission for Dr. Donica to use my child’s data in the 
educational research project regarding handwriting instruction.  I do not want my child to 
participate in the follow-up study. 
 
Signature of 
Parent/Guardian:________________________________________Date:____________ 
Parent/Guardian’s Name 
Printed:______________________________________________________ 
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